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(S) Modular conveyor system. 



(57) A modular conveyor and conveyor system for transporting articles thereon. The functioning of the 
entire system is integrated by a programmable logic controller (PLC) mounted on each conveyor unit 
(40). PLCs on adjacently connected conveyors communicate with one another. Each conveyor (40) has 
sensing devices (51) for communicating with the PLC by indicating the absence or presence of artides 
located at specific zones on the conveyor (40). In response to the sensing input, the PLC will send and 
receive articles to and from adjoining units (40). All of the movements of articles on the conveyor system 
are preprogrammed into the PLC, however manual over-ride (57) is provided for. The conveyors (40) 
have rollers (44) for moving articles along the length of the units. Belts (46) are located at one end for 
moving articles transverse to the roller movement. Roller-ball racks (48) are used for rotational 
movement of articles on the unit. The PLC controls the activation of the rollers (44), belts (46). and racks 
(48) of the conveyor (40) in response to the sensor input information. 
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The present invention relates generally to a con- 
veyor system having a plurality of modular conveyors 
for transporting articles. Specifically, this invention 
relates to a singular modular conveyor designed to be 
connected to other modular conveyors to form a sys- 
tem for transporting articles. 

There are a wide variety of modular conveyor sys- 
tems for transporting articles. For example, in US-A- 
2,346,659, a merchandise conveyor is disclosed 
where each section is individually powered and uses 
rollers to convey materials. A connector is provided to 
attach several units together. US-A-3,709.381 dis- 
closes a cargo handling system and method wherein 
several different types of modules are disclosed 
which can be arranged in a variety of ways. A com- 
puter system is provided to control each section of the 
system. Each module is separately powered and can 
be configured to move a load in any direction. The 
computer allows for instant recall of the location of an 
article located anywhere within the system. Another 
example is US-A-4.01 5,706, which discloses an 
arrangement which was developed in order to provide 
a capacity for quickly and efficiently anranging and 
constructing an etching system, on a customized 
basis, by providing a desired etching capacity, a des- 
ired rinsing capacity, a desired drying capacity, etc.. 
in the provision of modules, that may be combined in 
units, or in groups, to achieve a desired treatment. 
The modules are connected together, and are care- 
fully aligned, and are commonly driven, with a way 
provided for readily connecting a drive of one module, 
to the drive of another. US-A-4,227,607 discloses a 
method and system for dynamically storing articles 
wherein baggage can be either stored or moved 
through the system. A central controller monitors all of 
the sensors of the entire system. Each unit within a 
chain is individually powered. Similarly, US-A- 
4,236,631 discloses a conveyor unit that connects to 
other units, is individually powered and has sensing 
devices on each of the units. Although it is disclosed 
that each conveyor has a control device, such a 
device is only a simple circuits relay, not a programm- 
able logic controller. Another such conveyor system is 
disclosed in US-A-4,453,627, where each unit is 
divided into a plurality of zones and sensors for those 
zones. Each unit is controlled by using hydraulic 
pressure in response to sensors in the zones. 

Although these identified conveyor systems work 
well, they all lack an efficient and flexible communi- 
cation means. Either, these systems are designed to 
be set up in one configuration and remain that way 
and are not made for dismantling and reassembly in 
an easy fashion, or a large central communications 
control system is needed to keep track of the various 
articles being transported along the conveyor system. 
These systems are either too complex, requiring long 
setup times and little flexibility, or are too simple, pro- 
viding little flexibility in control of the conveyors. 



Especially in today's international market place, 
corporations that can not bring a new product to the 
consumers in less time and at less cost will lose their 
markets. The successful corporations will be able to 

5 change their product lines quickly and inexpensively 
to reflect quick consumer demand changes as well as 
new product innovations. Often a major road block to 
achieve these goals is the difficulty of setting up the 
manufacturing operations, often taking a great deal of 

10 time and expense. Specifically, the sophisticated 
modern assembly line conveyor system is difficult and 
expensive to set up. 

Therefore, in response to this complexity of 
sophisticated and relatively inflexible conveyor sys- 

'5 terns, a need exists for a flexible modular conveyor 
system that is quick to set up, can be reconfigured 
quickly, and has the capability of flexibly controlling 
the conveyor operations through a simple programm- 
able controlling logic system. 

:o Therefore, the present invention provides a solu- 

tion to the described problems and other problems, 
and also offers other advantages over the prior art. 

According to the present invention there is pro- 
vided a conveyor including at least one conveyor unit 

25 for transporting articles, each conveyor unit compris- 
ing: 

means for moving articles along a preselected 

path; 

means, operatively associated with the moving 

30 means, for sensing the presence of articles upon the 
moving means; and 

means, responsive to the sensing means, for pro- 
grammably controlling the moving means to route arti- 
cles along a preselected path. 

35 The present invention comprises a modular flexi- 

ble programmable logic control conveyor for moving 
articles along a preselected pathway. Specifically, a 
system for transporting articles, comprising a first 
conveyor unit including first means for sensing the 

-to presence of articles on the first conveyor unit First 
means moves the articles positioned on the first con- 
veyor unit. A first programmable logic controller 
mounted on the first conveyor unit in communication 
with the first sensing means, is adapted to regulate 

45 the first moving means. 

Moreover, the article transporting system further 
comprises a second conveyor unit including a second 
means for sensing the presence of articles on the sec- 
ond conveyor unit. A second means for moving the 

50 articles positioned on the second conveyor unit. A 
second programmable logic controller mounted on 
the second conveyor unit in communication with the 
second sensing means and the first programmable 
controller is adapted to regulate the second moving 

55 means. The first programmable logic controller is res- 
ponsive to the communication from the first sensing 
means and the second programmable logic controller, 
regulates the activation of the first moving means to 
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move the articles on the first conveyor unit along a 
selectable programmed path. 

In the drawings, like reference numerals indicate 
corresponding parts of preferred embodiments of the 
present invention throughout the several views, in 
which: 

FIG. 1 is an elevational view of the conveyor sys- 
tem showing how articles can be routed thereon: 
FIG. 2a is an enlarged elevational view depicting 
possible pathways to be used by the conveyor 

system; 

FIG, 2b is an enlarged elevational view showing 
possible pathways to be used by the conveyor 
system; 

FIG. 3 is a plan view of a single conveyor unit; 
FIG. 4 is a schematic elevational view of the brak- 
ing device during inactivation; 
FIG. 5 is a schematic elevational view of the brak- 
ing device during activation; 
FIG. 6a is a perspective view of the roller drive 
mechanism; 

FIG. 6b is a side elevational view of the roller drive 
mechanism; 

FIG, 7a is a side elevational view showing the ver- 
tical displacement of the belt drive device be- 
tween the rollers; 

FIG. 7b is a side elevational view showing the ver- 
tical displacement of the belt drive device be- 
tween the rollers 

FIG. 7c is a fragmentary plan view showing an 
article moving on the conveyor; 
FIG. 7d is a fragmentary plan view showing an 
article moving on the conveyor; 
FIG. 8a is a side elevational view showing the ver- 
tical displacement of the roller-ball device be- 
tween the rollers; 

FIG. 8b is a side elevational view showing the ver- 
tical displacement of the roller-ball device be- 
tween the rollers; 

FIG. 9 is an end elevational view of the conveyor, 
programmable logic controller, and structural 
support design; 

FIG. 10 is a plan view illustrating possible connec- 
tions that can be made to one conveyor from 
adjoining conveyors; 

FIG. 11a is a block diagram illustrating the com- 
munication paths between the PLCs in the con- 
veyors in Fig. 10; 

FIG. 11b is a block diagram showing the PLC 
communication between the zones located on 
each conveyor and between the two conveyors; 
FIG. 11c is a block diagram showing the PLC 
communication between a single zone located on 
one conveyor and a second zone on another con- 
veyor. 

Referring now to the drawings, and to Fig. 1 in 
particular, the present invention provides a modular 
flexible programmable logic controller conveyor sys- 



tem 10 for conveying articles along a serpentine path, 
v^hich can be reconfigured in a multitude of pathways. 
Fig. 1 illustrates possible configurations of the con- 
veyor system. Conveyor system 10 starts out with a 

5 pallet return station 12 where pallets are first placed 
onto conveyor system 10. Next, the pallet will be con- 
veyed to several sub-assembly stations 14 where the 
first stages of article manufacturing takes place. 
Depending on the model of article to be made, diffe- 

w rent subassembly 14 routes can be taken, A sequen- 
tial operations or progressive loop 16 follows, where 
the article can go around the loop. The conveyor sys- 
tem 10 also provides for robotic cells 18 in the form of 
a double loop design, where articles can go in either 
5 direction around the robots in the center. Next, a join- 
ing sub-assembly 20 can follow, where more parts 
that need assembly are joined to the main article. A 
Single model mix loop 22 follows, where the article can 
go to either side depending on the model type to be 

:o completed. Following, a larger section for parallel 
operation 24, where the conveyor assembly line 10 
can be balanced out or separating out the different 
models. It is seen that there are several reject spurs 
such as spurs 26 and 29 located along the end of the 

/5 conveyor assembly line 1 0, where defective products 
can be removed from the main flow. Also, run and test 
quality control loops 28 can be configured by the con- 
veyor system. Moreover, a rework loop 30, similar in 
design to the model mixing loops, can be designed 

30 from the conveyor system 10. An in-line offset section 
32 can be configured also. Finally, a prepacking stage 
34. and a packaging stage 36 will wind up the con- 
veyor system. 

It should be noted that Fig. 1 represents possible 

35 designs and configurations for the conveyor system 
10. There are an infinite number of configurations 
possible for any one conveyor system. 

Fig. 2a and 2b are enlarged views of possible 
conveyor designs. The assembly workers 38 are 

40 located around the conveyors. Fig. 2a shows a portion 
of a rework loop or a model mix loop. Fig. 2b shows 
a type of sub-assembly joinder, where some pre- 
assembly of the part is required before adding it to the 
main article being assembled. 

45 It is noted here, that any single conveyor unit 40 

is capable of being positioned where any other con- 
veyor unit is; this is one of the keys to the modular con- 
cept Any one conveyor unit is capable of being 
programmed to move articles in a variety of paths and 

50 directions. This will be made clearer by turning to Fig. 
3. 

In Fig. 3, a single conveyor unit 40 is shown. Two 
channels on either side form the main part of the con- 
veyor bed 42. Attached to the bed 42 are the rollers 
55 44. which carry articles down the length of the con- 
veyor 40. Situated between the rollers 44 are the 
transfer belts 46. which transport articles in a direction 
perpendicular to the direction of the rollers 44. Speci- 
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fically. the transfer belts 46 will take articles and move 
them off of or on to the rollers 44, The roller-balls 48 
are situated between the rollers 44, and serve the 
function of allowing the article to be rotated around 
since the roller-balls 48 work like a ball point pen tip. 
Running the length of the conveyor 40 are three 
brakes 50. The three brakes roughly divide the con- 
veyor 40 into three zones; a first zone, at one end of 
the conveyor 40, corresponds to the transfer belts. 46 
and rollers 44 location. A second zone, located in the 
middle portion of the conveyor 40, corresponds to the 
assembly work station, the roller-balls 48 and rollers 
44 are located there, A third zone, located on an oppo- 
site end to zone one, has rollers 44. The brakes 50 
may be made from a bar of metal that may be hydrauli- 
cly, or by use of air pressure, forced up against all the 
rollers 44 located in that zone; thus, stopping the 
motion of the rollers and the article riding thereon. By 
way of example, the rollers, belts, and drive mechan- 
ism (discussed later), can all be purchased from either 
Ermanco, Inc. from Spring Lake. Michigan, models 
XR40. XP45 and XR50 or from the Rapistan Co., in 
Victor, N.Y. 

Located in each of the three zones is a photosen- 
sor 51, positioned between rollers 44. In operation, 
the photosensor emits light, upon being covered by an 
article, light bounces off the article and is caught by 
the photosensor 51 whereby an electrical signal is 
generated. Thus, an article will be detected upon pas- 
sing or resting over the photosensor. For example, a 
commercially available model can be purchased from 
Telemecanique Inc., West Minster, MD model # 
XUBH 083235. 

In Figs. 4 and 5, an illustration of the brake 50 
design is shown. In operation, an article 54 will be 
transported along the conveyor. Once the brake 50 is 
actuated the rollers 44 will stop rotating and the article 
54 will stop progressing down the conveyor 40, as 
shown in Fig. 4. Retraction of the brake 50 allows 
movement of the rollers 44, and hence of the article 
54, as shown in Fig. 5. 

In Figs. 6a and 6b, an illustration of the drive 
mechanism for the rollers is provided. Rollers 44 are 
rotated by being connected to a single drive shaft 56. 
A spool 58 is loosely and slidably mounted onto the 
drive 56, An elastic band 60 connects the roller 44 to 
spool 58. In operation, band 60 exerts a force onto the 
spool-shaft contact surfaces, thus providing friction 
for shaft 56 to turn spool 58 which in turn drives band 
60 to rotate roller 44. Moreover, since spool 58 is 
loosely mounted on drive 56, a relatively strong force 
opposed to the direction of roller 44 will cause spool 
58 to slip relative to shaft 56. Therefore, the brake 50 
will provide the needed force to counter the drive force 
from shaft 56. thus shaft 56 will continue to rotate with 
spool 58 slipping thereon. This drive system allows for 
separating of the conveyor 40 into selected zones so 
that articles located on the conveyor 40 in one zone 



may be moved, while other articles located in a diffe- 
rent zone on the conveyor may be stationary. 

Figs. 7a through 7d illustrate how an article is 
transfen-ed by the transfer belt 46. Figs. 7a and 7c 

5 show that an article 54 is moved along the conveyor 
40 on top of the rollers 44. Next, the brakes 50 are 
applied to the rollers 44 to stop the article 54 thereon. 
Then, as seen in Figs. 7b and 7d. transfer belts 46 are 
activated and thereby raise the article 54 above the 

10 rollers; thus, belt 46 is activated to move vertically 
above the rollers so that the article 54 is spaced from 
the rollers and transferred to an adjoining conveyor 
40. 

Figs. 8a and 8b illustrate that the roller-ball 48 

15 works in the same fashion as the transfer belt 46 in 
relation to the rollers 44. 

Fig. 9 is an end elevational view of the conveyor, 
programmable logic controller, and structural support 
design. As shown in the drawing, roller 44 is suppor- 

20 ted by bed 42 and driven by roller drive shaft 56. A pro- 
grammable logic controller (PLC) 58 is housed within 
bed 42. A PLC hookup connector cable 59 connects 
adjacently positioned conveyors, thus allowing the 
PLCs to communicate with one another ( discussed 

25 later ). A conveyor hook connector 52 is mounted to 
the bed 42 to connect adjoining conveyor units 40 
together. An operator control box 57 is connected to 
the PLC and provides for an operator override capabi- 
lity. For example, though the routing of articles is pre- 

30 programmed, the operator can interrupt the normal 
flow and redirect an article to another location or zone, 
whereupon, having completed the operator override, 
the preprogramming will then take over where it had 
left off. This operator override also includes an 

35 emergency shut-off button to shut down the conveyor 
operation for safety considerations. The operator 
override capability, in operation, performs the com- 
plex sequence of events in the same way as the PLC 
does, except that it is operator initiated and not PLC 
40 initiated (the functioning of the PLC is discussed 
later). 

Fig. 10 shows possible connections to one con- 
veyor. As illustrated, three conveyors 64, 65, and 66 
are in position to send articles to the main conveyor 
45 62. Likewise, three conveyors 67, 68, and 69 are in 
position to receive articles from the main conveyor 62. 

Fig. 11a is a block diagram illustrating the com- 
munication paths between the PLCs 72-79 in the con- 
veyors 62-69. There is a two way exchange of 
50 information between the main PLC 72 and the adjoin- 
ing PLCs 74-79. Each PLC receives and sends infor- 
mation. There exist controls to move articles by 
programmed pathways without having a large central 
computer control. It should also be noted again that if 
55 one of the conveyors should malfunction another con- 
veyor can immediately be positioned in its place and 
the PLC would be reprogrammed to do the pathway 
routings of the replaced unit, thus increasing the 
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flexibility of the conveyor system. A commercially 
available PLC can be purchased from Telemec ani- 
que Inc.. of West Minster, MD, model no. TSX 
1723428. 

Fig. 1 1 b is a block diagram showing the PLC com- 
munication between the zones and between con- 
veyors 62 and 65. Each standard size conveyor is 
divided up into three zones, of which a first and third 
zone encompass the area and equipment used for 
receiving and/or transporting articles to and from 
other conveyors. A sensor, brake and rollers are 
located in the first zone, and a sensor, brake, transfer 
belts and rollers are located in the third zone. The sec- 
ond zone, encompassing the assembly work station, 
has a sensor, brake, roller-balls and rollers. As 
shown, conveyor 62 has PLC 72, zone 81. zone 82. 
and zone 83; while conveyor 65 has PLC 75, zone 84, 
zone 85. and zone 86. As illustrated, all communi- 
cation between zones is controlied by a PLC. For 
example, the PLC 72 will first check if an article is in 
zone 81 or zone 82. If there is an article in zone 81 and 
zone 82 is empty, then the PLC will allow the article 
to move into zone 82. A more complete example will 
follow after a description of Fig. 11c. 

Fig. 11 c is a block diagram showing the communi- 
cation between two PLCs and their respective compo- 
nent parts in one of their zones. For the sake of 
simplicity, only the operation between two conveyors 
will be discussed; however, it is understood that the 
same operation takes place between all of the adjoin- 
ing conveyors through the use of the respective PLCs 
mounted on each conveyor. Moreover, the same 
operations take place between zones on the same 
conveyor except that the same PLC is the controller 
for the two zones. 

In operation, PLC 75 receives an electrical signal 
from sensor 95 when an article is located in zone three 
86. Brake 96 is activated by PLC 75 to hold the article 
in the zone 86. Immediateily. PLC 75 interrogates PLC 
72 to verify if the article can be transferred to zone 81 . 
If the signal received by PLC 72 from sensor 91 indi- 
cates the presence of an article in zone 81. then PLC 
72 transmits a signal to PLC 75, where PLC 75 will 
inhibit movement of an article to zone 81. Alterna- 
tively, the signal received by PLC 72 from the sensor 
indicates the absence of an article in zone 81 , PLC 72 
transmits a signal to PLC 75 indicating that PLC 75 
can have an article moved to zone 81 . PLC 75 then 
releases brakes 96 and rollers 97 are activated to 
transfer the article to zone 81. Simultaneously. PLC 
72 has rollers 93 in continuous activation and the arti- 
cle is rolled over into zone 81. Now PLC 75 no longer 
controls the moved article. However. PLC 72 will pro- 
cess infonmation to determine if the article cari move 
onto the next zone or if the article should be held on 
zone 81 . It should be noted, in the above example the 
conveyors were end-to- nd, if one of the conveyors 
were directed to the side of the other, like conveyor 64 



to 65. the transfer belts 98. on conveyor 65, would 
have been used before using rollers 97. 

By using this invention, increases in productivity 
may be expected because of efficient work flow rout- 
5 ing, and because of the discipline forced on the pro- 
duction process by the system. Less mat rial 
handling and operator movement should also 
increase productivity. Direct labor savings are 
achieved because of the elimination of manual ma- 
te lerial handling. Less product damage can also be 
expected due to the reduction in material handling. 
With automated delivery, storage, and shipping, the 
potential for stock shrinkage is also greatly reduced. 
Expansion is accomplished by adding conveyor 
15 modules to an existing system. Since each module 
bolts to the next in the same way. few constraints exist 
in such an expansion. Upgrading to a system using a 
combination of closed loops and progressive flow sta- 
tions is done in the same way as simple expansion, 
20 by just hooking up more conveyors and programming 
them one at a time. 

The conveyor components are designed around 
a modular concept to allow maximum versatility in 
design and applications. The conveyor beds all attach 
25 in the same way. The control means all connect In the 
same way and only communicate with adjacent con- 
veyors, so that each conveyor is programmed inde- 
pendently of typical system communications. Each 
conveyor is able to be hooked up in any direction 
30 since the conveyor power means will run in either 
direction. 

It is to be understood, however, that even though 
numerous characteristics and advantages of the pre- 
sent invention have been set forth in the foregoing 

35 description, together with details of the structure and 
function of the invention, the disclosure is illustrative, 
and changes in matters of order, shape, size, and 
an-angement of parts may be made within the prin- 
ciples of the invention and to the full extent indicated 

40 by the broad general meaning of the terms in which 
the appended claims are expressed. 

Claims 

45 

1. A conveyor including at least one conveyor unit 
for transporting articles, each conveyor unit com- 
prising: 

means (44) for moving articles along a pre- 
50 selected path; 

means (51), operatively associated with 
the moving means, for sensing the presence of 
articles (54) upon the moving means; and 

means (58), responsive to the sensing 
55 means, for programmably controlling the moving 

means to route articles along a presel cted path. 

2. The conveyor of claim 1. wherein each conveyor 
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unit includes: 

means (56, 58. 60), connected to the mov- 
ing means (44) and mounted on the conveyor, for 
driving the moving means; and 

a conveyor bed (42) having the moving 5 
means, the sensing means, the controlling 
means, and the driving means mounted therein. 

3. The conveyor of claim 2, wherein the moving 
means comprises: 

conveying means (44), responsive to the 
controlling means mounted on the bed, for con- 
veying articles in a linear path along the bed; 

transverse movement means (46), res- 
ponsive to the controlling means, mounted on the 15 
bed for movement of articles in a direction trans- 
verse to the linear path of the conveying means; 
and 

an operator enabling means (48), for posi- 
tioning an article independent of the conveying 20 
means and the transverse means at a selected 
location to enable the operator to work on the article. 

4. The conveyor of claim 3, wherein the conveying 
means comprises: 25 

a plurality of parallel rollers (44) having 
their longitudinal axes substantially perpendicu- 
lar to the linear path and connected to the con- 
veyor bed; and 

roller rotating means (56), connected to 30 
the bed and responsive to the controlling means, 
for rotating the rollers in unison and in the same 
direction to be able to move an article supported 
by the rollers along the linear path. 

35 

5. The conveyor of claim 3 or claim 4, wherein the 
operator enabling means comprises: 

a plurality of roller-ball racks (48), connec- 
ted to the bed, positioned between the rollers 
(44), and having a deactivated position where the 40 
roller-balls are located below the plurality of rol- 
lers enabling the article to be moved upon the rol- 
lers, and an activated position where the 
roller-balls are located above the plurality of rol- 
lers where the article is supported on the roller- 45 
balls enabling the operator to position the article 
at the selected location enabling the operator to 
work on the articles; and 

roller-ball moving means, responsive to 
the operator enabling means, for moving the rol- so 
ler-balls from the deactivated position to the acti- 
vated position. 

6. The conveyor of any one of claims 3 to 5, wherein 

the transverse movement means comprises: 55 

a plurality of belt transfer tracks (46), con- 
nected to the bed, positioned between the rollers 
(44) and having a deactivated position where the 



tracks are located below the plurality of rollers 
and enabling the article to be moved by the rol- 
lers, and an activated position where the tracks 
are located above the plurality of rollers allowing 
the article to be supported on the belts enabling 
the article to be transferred transversely; and 

track moving means, connecting the 
tracks responsive to the controlling means, for 
moving the tracks from the deactivated position to 
the activated position. 

7. The conveyor of any one of claims 1 to 6, wherein 
the sensing means (51) comprises: 

at least one light source, and at least one 
photosensor, responsive to the light source for 
generating electrical signals, the photosensor 
transmitting the electrical signals to the controller 
indicating the presence or absence of an article. 

8. The conveyor of any one of claims 1 to 7, further 
including means (57) for manually overriding the 
control means. 

9. Apparatus for transporting articles, comprising at 
least first and second conveyor units each in 
accordance with any one of claims 1 to 8, the pro- 
grammable controller of the second conveyor unit 
being In communication with the second sensing 
means and the first programmable controller and 
adapted to regulate the second moving means, 
the first programmable controller being respon- 
sive to the communication from the first sensing 
means and the second controller for regulating 
the activation of the first moving means to move 
the articles on the first conveyor unit along a pro- 
grammable path. 

10. The apparatus of claim 9, wherein: 

the first moving means comprises a first 
conveying means for conveying articles along a 
path running a length of the unit in response to the 
first controller, a first transverse movement 
means, in response to the first controller, for 
movement of articles in a direction transverse to 
the movement of the articles upon the path of the 
first conveying means, and a first operator enabl- 
ing means, in response to the first controller, for 
enabling an operator to position an article inde- 
pendent of the conveying means and the trans- 
verse means to work on the article; and 

the second moving means comprises a 
second conveying means for conveying articles 
along a path running a length of the unit in res- 
ponse to the second controller, and a second 
operator enabling means, in response to the first 
controller, for enabling an operator to position an 
article independent of the conveying means to 
work on th article. 
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FIG. S 
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FIG. 7b 
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